Objective: Injury-related morbidity and mortality is an important emergency medicine and public health challenge in the United States. Here we describe the epidemiology of traumatic injury presenting to U.S. emergency departments (EDs), define changes in types and causes of injury among the elderly and the young, characterize the role of trauma centers and teaching hospitals in providing emergency trauma care, and estimate the overall economic burden of treating such injuries.
I njury-related morbidity and mortality is a public health burden in the United States in terms of lives impacted, cost of care, and lost productivity. Unintentional traumatic injuries killed 136,053 people in the United States in 2014, surpassed only by heart disease (614,348), cancer (591,699), and chronic lower respiratory diseases (147,101). 1 For children and adults younger than age 45, traumatic injuries account for an estimated 79,000 deaths each year, compared to 49,000 noncommunicable disease deaths and 15,000 infectious disease deaths. 1 In the United States, trauma is the single most important cause of potential years of life lost for persons under age 65. 2 The impact of traumatic injury in the United States extends beyond mortality. In 2014, there were 30,838,741 nonfatal injuries presenting to emergency departments (ED) for care. 3 In 2013, the total cost of traumatic injuries in the United States-including lost wages and medical expenses-was estimated at $671 billion, with nonfatal injuries comprising 68% of the cost. 4 Importance Despite the importance of injury as a public health issue, research gaps remain in our understanding of the basic epidemiology of traumatic injury in the United States. Nearly two decades ago, the U.S. Institute of Medicine (IOM) advocated for improving injury surveillance systems to "gather nationally representative data on all injuries treated in EDs, to increase knowledge of the causes and severity of non-fatal injuries." 5 The IOM Committee on Injury Prevention envisioned expanding the National Electronic Injury Surveillance System (NEISS), which for three decades had tracked consumer product injury data, helping establish consumer safety standards and informing product recalls. 6 In 2000, this surveillance system was expanded to include data collection on all injuries, thus greatly increasing its utility in public health research. The IOM also encouraged reliable International Classification of Diseases (ICD)-based coding of injuries in hospital administrative data sets. Since that time, there has been a proliferation of administrative medical data, much of it extracted from electronic hospital records.
Injury epidemiologists have increasingly used administrative databases including the National Trauma Data Bank (NTDB) and Healthcare Cost and Utilization Project (HCUP) National Inpatient Sample (NIS) to investigate a wide range of trauma-related injuries and treatments. The nationwide scope of these studies and their findings inform clinicians, researchers, and policymakers alike. Most of these studies have focused on mortality 7 or on inpatient hospital care for specific injury mechanisms and outcomes in distinct populations. [8] [9] [10] [11] There have been far fewer population-based, multiyear studies of ED discharges for traumatic injury.
Goals of the Investigation
The objective of this article was to characterize the epidemiology and incidence of traumatic injury (both fatal and nonfatal) in the United States, describe trends in types and causes of injury, characterize the role of trauma centers and teaching hospitals in providing emergency trauma care, and estimate the economic burden of such care, using data from the Nationwide Emergency Department Sample (NEDS). We believe the descriptive epidemiology of traumatic injury in the United States has changed in important ways in recent years. We aim to provide one of the most comprehensive recent pictures of ED traumatic injury care in the United States.
METHODS
Data were obtained from the U.S. Agency for Healthcare Research and Quality (AHRQ) HCUP NEDS for the years 2006 to 2012. HCUP is a group of inpatient and outpatient files created by AHRQ. NEDS is the largest single publicly available ED database in the United States. NEDS is based on a 20% stratified single-cluster sample of hospital-based EDs in the United States. The stratification variables included in the sampling strategy are intended to make the sample representative of all hospital-based EDs. For example, NEDS includes the same proportion of trauma centers as are found in the United States. In 2013, a total of 30 states participated in NEDS accounting for 66% of all ED visits. The core files contain 100% of visits from sampled hospitals. The most recent NEDS core file contains about 30 million ED records. 12 Hospitals are defined as nonfederal general and specialty hospitals including public hospitals and academic medical centers. Additional stratification variables include geographic area, urban/rural, ownership, trauma center and teaching status, and bed size.
Comma-separated core files for each year were read into an R 13 data frame. Survey-adjusted point estimates and standard errors (SEs) for individual years were verified against estimates obtained from a publicly available HCUP online query system.
14 Traumatic injury discharges were identified using principle or first-listed ICD 9th edition 15 diagnosis codes for acute injury 800-904.9, 909.4, 909.9, 910-994.9, 995.5-995.59, and 995.80-995.85. As noted in the HCUP documentation, the ICD-9-CM coding guidelines define principal diagnosis as "that condition established after study to be chiefly responsible for occasioning the admission of the patient to the hospital for care." 16 17 package was used to apply descriptors to the diagnostic ICD-9 codes and external cause of injury E-codes.
Injury severity was quantified using the ICD-derived Injury Severity Score (ICISS) 18 and then categorized as severe versus nonsevere. Osler et al. 18 first proposed ICISS in 1996 as a means of estimating injury severity using ICD codes in administratively collected hospital discharge data. It is calculated in two steps. First, survival risk ratios for each injury diagnosis in a data set are ". . . calculated as the ratio of the number of times a given ICD-9 code occurs in (surviving patients) to the total number of occurrences of that code." Second, the ICISS for an individual patient is calculated as "the product of all the survival risk ratios for each of an individual patient's injuries (for as many as ten different injuries)." 19 The ICISS is then defined as the probability of patient surviving their injuries and ranges from 0 to 1. ICISS cutoff of less than 0.94 was used to categorize patients into those with the most severe injuries. 20 This indicator variable identifies patients with a 6% or greater probability of dying and has performed well in previous analyses, returning an odds ratio (OR) of 6.75 (95% CI = 6.48 to 7.03) in a multivariate logistic regression analysis of trauma mortality. 21 To control for chronic conditions and other nontraumatic injury diagnoses, a Charlson Comorbidity Index (CCI) score 22 was calculated for each discharge using the listed ICD-9 codes. 17 Because of the very high proportion of patients without CCI conditions, the score variable was heavily skewed, so was categorized into an indicator variable for patients with a CCI greater than 2. Trauma center designations were based on the AHRQ "HOSP_TRAUMA" indicator variable found in the NEDS hospital file for that year. In the United States, state authorities designate trauma centers. Level I and II trauma centers are both capable of providing immediate definitive care for all injured patients with 24-hour availability of emergency medicine, general surgical, and surgical subspecialty services. Level I centers differ in that general surgical coverage is available in house at all times and that they operate an organized teaching and trauma research effort. Teaching hospitals were also identified using an AHRQ variable. We used the HCUP Clinical Classification Software system to categorize procedure codes. Primary ICD-9 codes were categorized according to the Barell matrix, an injury diagnosis matrix tool used internationally to standardize the classification of ICD-9 injury codes 800 to 995 according to 12 nature-ofinjury columns and 36 body-location rows. 23, 24 All analyses were based on weighted data adjusted for the complex survey design of HCUP NEDS using the R packages "survey" 25 and "sqlsurvey." 26 The R "rms" 27 package was used for models not supported by "survey" and "sqlsvy," with robust covariances specified to account for clustering by strata within the NEDS survey design. Because they are not available in "survey," "sqlsvy," or "rms," relative risks were calculated using simulations based on survey-adjusted counts and SEs for the numerator and denominator of the ratio. Each simulation consisted of 1,000 random normal draws. Year-to-year variability of rates was assessed with the robust linear model function in the R package "MASS" 28 and bootstrap simulations for confidence intervals (CIs) using the "Boot" function in the R package "car."
29 Descriptive statistical analysis consisted of survey-adjusted counts, proportions, means, with associated SEs, and 95% CIs. Annual total and age-specific rates were calculated using U.S. census data obtained from AHRQ as part of the HCUP family of data products. Age classifications were chosen to broadly reflect clinical populations and to be generally consistent with census population categories. We analyzed yearly data with overlying loess smoothing lines and present tables of the proportion of common injury categories and causes. Because the analyses involved comparisons and assessment of trend over time, we tested for the assumption of linearity of the year-to-year variability in the survey results using an approach appropriate to multiyear survey data. 30 We assessed the association of Level I or II trauma centers and teaching hospitals with the risk of injury mortality using unadjusted risk ratios and survey-adjusted logistic regression controlling for age as a continuous variable and indicator variables for sex, injury severity (severe vs. not severe), and CCI (>2 conditions vs. none). The covariate selection process for multivariable models was based on previous studies of univariate associations between the covariate and the primary putative exposure variable and the covariate and the outcome of interest, 21 on changes in the strength of the association between the primary exposure variable and the outcome with the covariate included or excluded, and on a priori assumptions about potential confounders.
A complete set of notes and code to reproduce or adapt the study methods are available at http://www.in juryepi.org/resources/Misc/nedsNotesOnline.pdf. An R file containing the data to calculate total and population-specific rates and to re-create Figures 1-5 is available for download at http://www.injuryepi.org/resource s/Misc/figureDat.Rdata. The study was approved by the New York University School of Medicine Institutional Review Board and conforms to the STROBE statement on the reporting of observational studies, excluding elements of the checklist not applicable to a retrospective, repeated cross-sectional study design. 31 . The mean year-to-year increase in age was 1.1 years (SE = 0.27 years, 95% CI = 0.6 to 1.6). There was little change in the population-based visit rate by age group over the study period (Table 2, Figure 2 ). Females comprised 46.6% (SE = 0.01%) of all traumatic ED visits during the study period and 34.9% (SE = 0.01%) of severely injured patients.
RESULTS

Between
During the study period there were 73,655 (SE = 618) preadmission and 229,810 (SE = 1,078) postadmission traumatic injury-related deaths in U.S. EDs, yielding a total case-fatality rate of 0.17% (SE = 0.01%). The case-fatality rate for all traumatic injury visits ranged from a high of 0.18% (SE = 0.002%) in 2006 to a low of 0.15% in 2012 (SE = 0.02%) in 2012, with no meaningful year-toyear difference. The case-fatality rate for severely injured persons, defined as those with an ICISS There was graphical evidence of a decrease in mean ICISS across all age groups in the final 2 years of the study period, indicating an increase in injury severity ( Figure 3 ). The proportion of visits with a CCI score of 2 or greater increased 67.1% (SE = 1.1%) from 0.67% (SE = 0.004%) of all visits in 2006 to 1.12% (SE = 0.005%) of all visits in 2012. The mean year-toyear increase in CCI was 0.08 (95% CI = 0.07 to 0.09). Over the entire study period 0.90% (SE = 0.002%) of individuals who died in the ED due to traumatic injury had a CCI score of 2 or greater.
During the study period, there were 79,632,500 (SE = 2,154) traumatic injury-related ED visits to nonteaching hospitals in metropolitan areas and 64,792,147 (SE = 3,005) visits to teaching hospitals in metropolitan areas. A remaining 36,486,771 (SE = 2,064) visits were to nonmetropolitan hospitals. The nonadjusted risk ratio for the association of severe traumatic injuries, i.e., those with a high risk of mortality based on ICISS, presenting to metropolitan teaching hospitals, compared to nonteaching metropolitan hospitals, was 2.16 (95% CI = 2.01 to 2.31). During that same time period, there were 181,171.33 (SE = 950) injury fatalities at metropolitan teaching hospital EDs, compared to 92,772 (SE = 679) at nonteaching metropolitan EDs, accounting for an unadjusted risk ratio for the association of injury fatality with metropolitan teaching hospital of 2.40 (95% CI = 2.11 to 2.77).
In total, there were 33,332,579 (SE = 1,765) traumatic injury-related ED discharges from Level I or II trauma centers during the study period, of which 1,603,010 (SE = 2,779), or 4.8% (95% CI = 4.6 to 4.9), were classified as severe. By contrast, the proportion of patients with severe injuries who were discharged from non-Level I or II trauma centers was 1.3% (95% CI = 1.2% to 1.4%). The relative risk for the association of severely injured persons presenting to Level I or II trauma centers was 3.9 (95% CI = 3.7 to 4.1). During that time, there were a total of 138,072 (SE = 816) deaths in Level I or II trauma centers, yielding a case-fatality rate of 0.41% (95% CI = 0.32 to 0.51). There were 113,993 (SE = 749) traumatic-injury deaths in non-Level I or II trauma centers, yielding a case fatality rate of 0.09% (95% CI = 0.04 to 0.13). The unadjusted risk ratio for fatality in Level I or II trauma centers versus non-Level I or II trauma centers was 4.9 (95% CI = 4.5 to 5.3). In a logistic regression model that adjusted for complex survey design, sex, age, injury severity, and Charlson score, neither teaching hospital nor trauma centers were associated with an increased risk of fatality (Table 3 ). Table 4 lists the most common Barell matrix designations for anatomic locations of traumatic injuries presenting to U.S. EDs between 2006 and 2012. Population-based injury rates of Barell matrix injury categories were highest for those over 84 years of age. There were notable changes in annual rates at the extremes of age. The rate of traumatic brain injury (TBI) diagnoses in the over-84 age group increased 29.5% (SE = 2.6%) over the study period, from 545.0 (SE = 8.6) per 100,000 U.S. population older than 84 in 2006 to 705.8 (SE = 8.7) per 100,000 U.S. population older than 84 in 2012, for a rate difference of 160.5 (SE = 12.2) diagnoses per 100,000 U.S. population. The mean year-to-year increase was 29.7 TBI diagnoses per 100,000 population (95% CI = -0.9 to 54.5). Over the same time period, lower-extremity injuries in the over-84 age group, including hip fractures, decreased 12.3% (SE = 0.6%) from 5,108 (SE = 26.4) per 100,000 U.S. population older than 85 in 2006 to 4,477 (SE = 21.9) per 100,000 in 2012, for an overall rate difference of -629.7 (SE = 12.2) per 100,000 and a mean year-to-year decrease of -104.5 diagnoses per 100,000 (95% CI = -142.0 to -76.5).
There was an even greater increase in the rate of TBI diagnoses in the under-18 age group, which experienced a 44.9% (SE = 100,000 in 2012, for an overall rate difference of 85.3 (SE = 2.0) per 100,000, and a mean year-to-year increase of 14.2 TBI diagnoses per 100,000 population (95% CI = 11.7 to 17.0). Over the same time period, the under-18 age group experienced a 14.7% (SE = 0.6%) decline in injuries to the torso, from 352.3 (SE = 1.8) per 100,000 U.S. population under 18 in 2006 to 300.7 (SE = 1.6) per 100,000 in 2012, for a rate difference of -51.6 (SE = 2.3) per 100,000 ( Figure 4 ) and a year-to-year decrease of 282.2 diagnoses (95% CI = -318.3 to -215.6). Information on external causes of injury was available for the years 2009 to 2012. There were 2,656,790 (SE = 3,652) ED discharges for traumatic injury related to motor vehicles and other modes of transportation in 2009, for a U.S. population-based rate of 866.0 (SE = 1.2) per 100,000. This declined 3.5% (SE = 0.2%) to 2,623,246 (SE = 3,568) in 2012, for a rate difference of -30.2 (SE = 1.7). In the youngest age group-under 18-the motor vehicle and transportation-related injury rate declined 8.3% (SE = 0.2%) from 480.2 (SE = 0.7) per 100,000 U.S. population under 18 in 2009 to 440.4 (SE = 0.6) per 100,000 in 2012, for an absolute risk difference of -39.8 (SE = 0.9) per 100,000.
Falls accounted for an important proportion of traumatic injuries seen in EDs that changed over the study period, as did firearm injuries particularly in children. Total injuries due to falls declined 2.3% (SE = 0.1%), from 7,713,447 (SE = 6,098) or 2,514 (SE = 1.8) per 100,000 total U.S. population to 7,781,310 There were a total of 71,111 (SE = 613) ED diagnoses of firearm-related injuries in the United States in 2009, for a rate of 23.2 (SE = 0.2) per 100,000 U.S. population. This increased 3.9% (SE = 1.2) to 75,559 (SE = 610) such diagnoses in 2012 for a rate of 24.1 (SE = 0.2) per 100,000, or an absolute rate increase of 0.9 (SE = 0.3) per 100,000 U.S. population. The 18-to 44-year-old age group accounted for a large proportion of firearm-related ED diagnoses. In 2009 there were 52,187 (SE = 527) firearm-related ED visits among 18-to 44-year-olds for a rate of 46.3 (SE = 0.5) diagnoses per 100,000 U.S. population aged 18 to 44. In 2012, there were 56,644 (SE = 528) such diagnoses, for a rate of 49.6 (SE = 0.6) per 100,000, which constituted a 7.2% (SE = 1.6) relative rate increase and an absolute increase of 3.3 (SE = 0.7) diagnoses per 100,000 18-to 44-year-olds. In 2006, there were 351 (SE = 46) ED visits for firearms-related injuries to children 5 years and younger, for a rate of 1.4 (SE = 0.2) firearm related diagnoses per 100,000 children age younger than 5. By 2012, this category of injury increased to 450 (SE = 49) such diagnoses in this age group, for a rate of 1.9 (SE = 0.2) per 100,000, which constituted a 31.7% (SE = 0.2) relative increase in the rate and a 0.4 (SE = 0.3) absolute increase ( Figure 5 ). Additional causes of injury are listed in Table 5 .
DISCUSSION
It is with good reason that the ED has been referred to as the "canary in the coal mine" of public health. 32 In this comprehensive survey of the descriptive epidemiology of ED care for traumatic injuries in the United States, we can begin to consider the possible implications of recent trends and changes for policy and resource allocation.
As the epidemiologic landscape continues to evolve, large database studies such as NEDS have the potential to both reinforce and-in some cases-redefine our current understanding of trauma incidence and trends. Rates of ED visits for traumatic injuries are declining, as are fatalities from those injuries, consistent with similar trends during the past decade. 7 As the U.S. population ages, the mean age of injured trauma patients is increasing, as are the number of patient comorbidities. We also found a trend toward higher injury severity in these patients during the later years of the study, somewhat more pronounced in the elderly.
Consistent with a previous inpatient trauma study based on HCUP, we found that the proportion of patients with a CCI > 2 doubled during the study period. Despite older and sicker patients presenting to U.S. EDs, 21 outcomes are no worse compared with a decade earlier. The underlying reason for this remains unclear. Certainly there have been interval improvements in trauma systems and critical care, but there has also been an increase in the number of independent urgent care centers, potentially absorbing some of the injury burden that traditionally presented to hospital EDs. 33 Whether this new phenomenon of urgent care centers significantly contributes to the fewer traumatic injuries presenting to EDs must be further characterized.
Our results highlight the role of trauma systems across the United States. Level I or II trauma centers were four times more likely to see patients who are at highest risk of death, and indeed the trauma centers were associated with an increased unadjusted risk of death. But notably, when controlling for possible confounders and injury severity, any association with increased risk of fatality disappeared. We would venture to say that had we been able to control for the kinds of important traumatic death-related variables that were unavailable to us such as Glasgow Coma Scale, TRISS, 34 or the Injury Prevention Priority Score, 33 it is possible that we might have been able to demonstrate a statistically significant decreased risk of death. We note that we observed similar results for teaching versus nonteaching hospitals, likely reflecting, in part, that most Level I or II trauma centers are also teaching hospitals.
We chose to compare and contrast the oldest and youngest age groups because they are perhaps the most vulnerable populations identifiable using routinely collected administrative data, and they were the populations who experienced the most notable differences. Our choice of the types and causes of injuries for comparison was similarly based on those that appeared to have undergone the greatest changes during the study period. It appears that TBI is increasingly a disease of the very young and the very old. Both groups saw increasing rates of ED diagnoses of TBI. This may not, however, entirely reflect increasing underlying incidence. Our data utilized principal ICD-9 diagnoses. Thus, with the increasing recognition of the importance of TBI as well as continued increases in head computed tomography utilization, 35 other injuries once classified as primary diagnoses may now have declined in priority.
We also noted an overall decrease in fall-related diagnoses of 1.4%, with no significant change in those over 65. Despite reporting a statistically significant decline, the clinical significance is questionable given its low magnitude. However, the mortality rate from falls in the elderly is increasing 1, 36 and, according the Centers for Disease Control and Prevention (CDC), unintentional fall fatalities in this group have increased from 44/100,000 in 2006 to 56/100,000 in 2012. One theory is the increasing use of the new oral anticoagulants, which are challenging to reverse. Recent studies, however, suggest that these medications are actually improving outcomes in injured trauma patients. 37, 38 Perhaps this mortality increase is simply a reflection of an aging U.S. population with increasing comorbidities. 21 Given this alarming trend, further characterization and risk-reduction strategies are warranted.
One of the most notable findings in this study is the ubiquity of firearm-related injuries across the United States. Our results indicate that there is an ED visit for a firearm-related injury every 7 minutes. This injury mechanism is becoming increasingly common, up 4% overall and nearly 30% among children under the age of 5. Suicide attempts, which on average are associated with a high mortality, may be contributing to the increase in firearm-related injuries in the 18-to 44-year age group; 39 however, this does not account for the increases in the very young. Firearm-related injury trends in young children disproportionately affect African American and other minority communities, irrespective of socioeconomic standing. [40] [41] [42] The most effective way to counteract this growing public health crisis remains an issue of intense and ongoing national debate. The clinical and social significance of a 30% increase in firearm-related injuries among children is tragic and raises policy concerns and questions as to what interventions may be effective. 43, 44 
LIMITATIONS
There are inherent limitations to using cross-sectional observational data to comprehensively capture injury trends. Our results do not account for related secular trends such as recent increase in the availability of non-ED urgent care facilities that would divert less critically ill patients away from hospital EDs and results in a relative increase in acuity unrelated to population changes. While NEDS is more comprehensive than other national data sets, 45 it is difficult to accurately measure and control for how care provided by walk-in clinics and independent urgent care centers may contribute to some of the observed trends in this study. Nonetheless, any such effect is unlikely for traumatic injuries that require specialized high-acuity care. Another limitation is that NEDS is a relatively new database, with HCUP distributing annual data beginning in only 2006, so accounting for longer-term trends is not yet possible. While comprehensive, the NEDS database has not yet made the transition to the more informative ICD-10 and still relies on the less explanatory administrative ICD-9-CM diagnosis and external-cause injury codes. Although these have been found to be reliable indicators of injury classification in hospital admissions, 46 their validity with respect to ED visits has not been widely established. They may also be incomplete and subject to individual coding variations and coder error. 47 And, while the accuracy of ICD-9 codes in identifying trauma is considered acceptable, there is variability in reported sensitivity. 48 Our estimates, particularly for older adults who may not immediately exhibit physical findings consistent with traumatic injury, may be an undercount. Also, external cause of injury data were available only for ACADEMIC EMERGENCY MEDICINE • October 2017, Vol. 24, No. 10 • www.aemj.org the final 4 years of the study period limiting our ability to assess trends. Finally, NEDS does not capture longitudinal data, so we could not ascertain rates of trauma recidivism (i.e., the percentage of patients with multiple presentations for traumatic injury) in the studied population.
We included age as a continuous variable in our model of hospital type and mortality. While age is generally accepted and "well-known risk factor" 39 for trauma mortality, and there is a general clinical recognition that the consequences of traumatic injury are increased in the elderly compared to the very young, there is some room for debate on how or if the relationship is linear. Age has been shown to behave as an effect modifier in some settings 49 and to demonstrate a threshold effect in other settings. 50 By treating age as a continuous variable in our model, we hoped to capture some of the variability within age groups that was likely lost in our stratification scheme for categorical analysis. We note that our approach is consistent with other studies and returned similar results. 51 In contrast, entered CCI in our model as a dichotomous variable, when it could be debated that it should have been linear or perhaps ordinal. This decision was based on preliminary analyses that showed it was highly skewed with a natural cut off of 2.
We chose to dichotomize injury severity into severe versus less severe both as a way to capture injury acuity and to address inherent problems with injury severity score as a continuous variable. 52 Dichotomizing a continuous variable like ICISS can result in the loss of important information, and our choice of 0.94 as the cutoff for severe versus nonsevere injury, while not entirely arbitrary, can be subject to debate. 53 Dichotomization erases intercategorical differences. So, in our study, a patient with an ICISS of 0.93 is the same as one with a score of 0.01. Injury severity scoring itself is inherently statistically problematic. Both the traditional and the ICD-derived injury severity score behave poorly as a continuous variable, with some authors recommending, "that for statistical or analytical purposes the ISS/NISS should not be considered a continuous variable." 52 While ICISS has been reported to generally perform as well as ISS, 53 it also behaves similarly poorly as a continuous variable. We found statistical manipulations as log, square root, and inverse logit transformations to be unhelpful in this regard and chose to dichotomize. This approach also allowed us to calculate useful and informative statistics based on probabilities, like ORs. A categorization scheme for ICISS using cutoffs for minor to critical injuries has been proposed 19 and may be informative for future studies. The injury severity indicator variable used in this study should identify patients with a 6% or greater probability of dying. We note that it has performed well in previous analyses, returning an OR of 6.75 (95% CI = 6.48 to 7.03) in a multivariate logistic regression analysis of inpatient trauma mortality, 21 and that the unadjusted odds of pre-ED admission mortality in the current data was 67.
NEDS is not only the largest ED database in the United States, but because of its sampling design it is also the most representative, and according to AHRQ "represents a 'microcosm" of EDs in the US'." 54 Despite this strength, NEDS relies on the comprehensiveness of the data they receive from state agencies, and while the AHRQ goes to great lengths to minimize missing data gaps are inevitable. We found the variables we analyzed to be generally complete. There were, for example, no missing data for age, primary diagnosis (and the variables that depended on it, like ICISS and Charlson score), and fatality status. Similarly, external cause of injury data were complete for the years reported (2009 to 2012). We found hospital trauma center status to be missing in 0.14% of observations. Information necessary to calculate Barell matrix designations was missing for 20.2% of entries. This last issue was not unexpected since the Barell matrix relies on a full five-digit ICD-9 code and some of the codes were limited to four digits. We deferred using multiple imputation methods given the overly complex survey design requiring complex linkages and the number or records (millions) requiring computation power exceeding the capability of our research team, and instead restricted our statistics to full-case records with sensitivity analyses recognizing the limitations of this approach.
CONCLUSIONS
In conclusion, this analysis represents one of the most comprehensive, recent snapshots of trauma in U.S. EDs. We find that ED care for traumatic injury is evolving in consequential ways. The types and causes of traumatic injury, particularly among the oldest and youngest members of society, are changing, with traumatic brain injury and violence increasingly important. While Level I or II trauma centers continue to provide the bulk of care and with good results, increasing comorbidities and injury severity may be expected to exert both clinical and economic pressures across the full spectrum of hospital-based emergency trauma care.
